Frontiers in Microbiology, Biotechnology & Crop Science (FMBC)

et & e ISSN: 3139-2741 | Vol. 01 Issue 01, July-Dec 2025 | pp. 01-19

The effects of storage methods and
microbiological factors on banana post-
harvest deterioration

Shagun Upadhyay!”
'ITM Gorakhpur, Uttar Pradesh, India

*Corresponding Author E-mail: dubeyshagun25@gmail.com

Abstract:

This study investigates the microbial factors contributing to the post-harvest deterioration of bananas (Musa
sapientum and M. acuminata var. dwarf Cavendish) and evaluates storage methods for extending their shelf life.
Fungi such as Aspergillus niger and Rhizoctonia solani and bacteria including Streptococcus pyogenes,
Alcaligenes faecalis, and Proteus vulgaris were isolated from deteriorating banana samples. These
microorganisms were identified as significant contributors to the degradation process, causing discoloration, rot,
and nutrient loss. The study also compared the efficacy of storage techniques, including refrigeration, embedding
in damp sawdust, and packaging with potassium permanganate-treated polythene bags. Results showed that
embedding bananas in moist sawdust delayed ripening and prevented microbial growth, extending shelf life
significantly compared to other methods. This research highlights the need for optimized storage solutions and
stringent quality control measures to reduce post-harvest losses and improve marketability.
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1. Introduction

A significant staple crop in the developing countries is the banana (Musa species). Both as a
treat and as a food that provides energy, they are eaten. Bananas, in contrast to most plantains,
are typically consumed unprepared. Bananas are a major fruit globally and the main source of
food in impoverished countries'. They are weak and prone to illness due to their vegetative
propagation. For sustainable production, new integrated protection solutions are therefore
desperately needed. In the poor countries, bananas (Musa species) are a significant staple crop.
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They are eaten as dessert and as a nutritional source of energy 2 .Bananas, in contrast to other
plantains, are often consumed raw. More than any other single aspect, the color of the plantain,
banana, and frying banana probably affects how well the consumer judges the product. The
fruit's colour may indicate a condition of contamination, An invasion of illness, or
degradation. The color of the fruit has a major impact on the market quality and consumer
acceptance of bananas, plantains, and cooking bananas *. When determining whether a fruit
is ripe or not, researchers, producers, and consumers frequently utilize the peel color as the
primary post-harvest criterion. Customers in certain nations have established clear
associations between a product's color and its general quality. Table 1 Plantains and bananas
should be green or yellow when cooked anything less would be hard to market, such as scarlet
plantains #. Therefore, color plays a crucial role as the initial visual evaluation of the plantain
or banana's cooking quality. Customers typically purchase cooking bananas or plantains if the
color is appropriate for the desired use or purpose and has a short shelf life because they relate
the peel's color with particular flavors or uses. The fruits mature after harvest °. Banana,
plantain, and cooking banana ripening stages have historically been strongly associated with
variations in peel color, and a popular technique for determining the fruit's maturity is to
compare the peel color to a set of standard color plates. A significant rise in ethylene
production occurs during the ripening and cooking of bananas, as well as during the plantain
processes ° .This increase in ethylene production typically coincides with a rise in the fruit's
respiration rate, a phenomenon known as the climacteric. Ethanol generation and respiration
rates are influenced by factors such as fruit age, cultivar or hybrid, and storage temperature.
Banana ripening is widely classified into seven stages: green, green with yellow streaks, more
green than yellow, more yellow than green, yellow with green at the tip, completely yellow,
and yellow with brown specks ’. After the skin reaches the full yellow stage, degenerative
processes result in the formation of brown specks, which eventually merge to create blotchy
brown skin. Chlorophyll structural breakdown is the reason for the loss of green color. By
entering through natural pores or mechanical damage, microorganisms can infect bananas.
Fruit microbial deterioration can be caused by bacteria or fungi, which makes the fruits
unappealing and lowers their market value. *When eaten, it can also result in adverse effects
such gastroenteritis. Fruits can suffer significant losses in quantity and quality due to post-
harvest illnesses. Microorganisms found in fruits are worthless. It is possible to prolong the
duration of banana fruit storage employing the following techniques: minimal temperatures,
90% relative humidity, ethylene elimination, preserving at 28°C with 5% CO2 and 3%
oxygen, utilizing chemicals and radiation using packing resources, and fruits preparation. This
study goals are to identify the microorganisms that cause banana fruits to deteriorate while
being stored and evaluate popular methods for extending their Duration of shelf life. °
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Table 1. Botanical classification of banana (Musa spp.) '°
Click or tap here to enter text.

Botanical Classification Details for Bananas (Genus Musa)
Kingdom Plantae (Plants)
Phylum Angiosperm (Flowering plant)
Class Monocots (Single cotyledon plants)
Order Zingiberale (Includes banana plants and relatives)
Family Musaceae (Banana family)
Genus Musa
Species Musa acuminata
2.Methodology:

Collection of Samples

A retailer's store in Delhi, Delhi, India provided fresh, ripe, and green specimens of
banana fruits (M. sapientum and M. acuminata var. dwarf Cavendish). After being
carefully chosen, the fruits were collected in a polyethylene bag and brought to the lab
for additional examination. Figure 1

Figure 1. Identification of spoilage types in banana fruits based on visible colour
changes and mold development
Identification of spoilage Type
The fresh fruits were placed inside sterile desiccators on sterile glass supports. By
physically examining the samples, the types of deterioration were identified. The color
changes and the appearance of mold were observed and recorded. Figure 2
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Figure 2. Preparation and sterilization of culture media for bacterial and fungal isolation
from banana fruits

Preparation of Media

The medium utilized in this study includes potato dextrose agar for fungal isolation and
nutritional agar for bacterial isolation. 28 grams of nutritional agar and 39 grams of
potato dextrose agar were dissolved in one liter of distilled water, respectively, in
accordance with the manufacturer's instructions for preparing the two media. To get rid
of any microbiological contamination, the medium was autoclaved for 15 minutes at
121°C after being thoroughly mixed. After being sterilized, the media were transferred
into sterile Petri dishes and left to cool and setting at room temperature. For bacterial
isolation, banana samples were surface sterilized with 70% ethanol and then gently
streaked onto the nutrient agar plates using a sterile loop. Table 2 For fungal isolation,
the banana samples were similarly surface sterilized, and small portions of the banana
were placed onto the Agar plates with potato dextrose. 28°C was used to incubate both
plates, with bacterial growth observed after 48—72 hours and fungal growth after 5-7
days. After incubation, colonies were observed, and pure cultures of the isolates were
obtained by sub-culturing individual colonies onto fresh media plates for further
characterization and analysis. This procedure ensured the isolation of microorganisms
from the banana samples without contamination. Figure 3

Table 2. Composition of culture media used for bacterial and fungal isolation

For media Ingredients Amount
Potato starch 0.35¢g
Peptone 0.25¢
Sodium chloride 0.25¢g
Yeast extract starch 0.15¢g
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Agar 0.75¢
Distilled Water 50 ml
Ph 7.2
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Figure 3. Proximate composition analysis of fresh and stored banana fruits showing
nutritional changes during storage

Determination of Proximate Analysis

Both fresh and five-day-stored banana fruits were subjected to proximate analysis in order
to evaluate how their nutritional makeup changed over time. The percentage content of
lipids, moisture, carbohydrates, ash, crude protein, and crude fibre was ascertained by the
analysis. The methods used for the proximate analysis were based on the procedures
described by Pearson, which involved standard techniques for each parameter. Table
3,The samples were dried to a consistent weight in order to assess the moisture content
while the carbohydrate content was calculated by difference after determining the other
components. Ash content was measured by incinerating the samples at high temperatures,
crude protein was determined using the Kjeldahl method, crude fiber content was
assessed by digestion with acids and alkalis, and lipid content was analyzed using a
solvent extraction method. These analyses provided valuable insights into the nutritional
composition of the banana fruits under different storage conditions. Figure 4
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Table 3. Methods and conditions used for proximate analysis of banana fruits

Oven, weighing balance,

weighing balance

Moist Content Drying t tant weight 5 1
oisture Conten rying to constant weig desiceator, crucibles g sample
Carbohydrat .

arboftydrate Calculated by difference Data from other analyses N/A
Content
Muffl ibl
Ash Content Incineration at high temperature uffle furnace, crucibles, 3-5 g sample

Crude Protein

Kjeldahl method

Kjeldahl apparatus, digestion
tubes, sulfuric acid, catalyst

1 g sample, 10 mL
H2SOs, catalyst tablet

Crude Fiber

Digestion with acids and alkalis

Filtration unit, boiling acids,
alkalis, crucibles

2 g sample, 200 mL
acid/alkali solution

Lipid Content

Solvent extraction

Soxhlet apparatus, solvent
(e.g., ether), extraction flask

2-5 g sample, 50-100
mL solvent

(c)

(c)
Figure 4. Isolation and characterization of bacterial and fungal microorganisms
associated with banana fruit spoilage
Isolation and Characterization of Microorganisms

The isolation and characterization of microorganisms from the banana fruits were carried out for
both bacteria and fungi. For bacterial isolation, the streak plate method was employed, where
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nutrient agar plates were streaked with a sample of the fruit. A piece of fruit was aseptically
injected onto the center of potato dextrose agar plates in order to isolate the fungus. After
inoculation, the plates were incubated to allow for microbial growth. To ensure pure cultures,
microorganisms were subcultured onto freshly prepared media. The bacteria were characterized
based on standard identification procedures, while the fungi were identified through cultural and
microscopic examination. This process enabled the accurate identification and classification of
the microorganisms isolated from the banana fruits. Table 4

Table 4. Methods and materials used for isolation and characterization of bacterial and

fungal isolates from banana fruits

Parameter Method Used Materials/Equipment Quantity

Bacterial Isolation

Nutrient lates, i lati .
Streak plate method dtrien ag.ar prates, ¥nocu atng 1-2 g fruit sample
loop, sterile water, incubator

Fungal Isolation

Potato dext lat
Aseptically inoculated otato dextrose agar plates,

sterile inoculating loop,
on agar plates

1-2 g fruit sample

incubator
Subculturing onto fresh Freshly prepared agar plates, 1-2 g of isolated
Subculturing g. . yp- P g P . & .
media inoculating loop, incubator microorganisms
. . ) Microscope, Gram stain reagents
Bacterial Standard identification p. .. g
.. (crystal violet, iodine, ethanol, -
Characterization procedures

safranin), biochemical test kits

Fungal Characterization

Cultural and microscopic
examination

Microscope, lactophenol cotton

blue, slide and cover slip

Pathogenicity Test

The pathogenicity test was conducted to determine the spoilage symptoms associated with each
microbial isolate. The test was conducted using fresh, healthy, and unripe banana fruits. To get
rid of any outside contamination, cotton wool wet with ethanol was used to surface disinfect the
fruits prior to inoculation. Each microbial isolate was prepared by inoculating 9 mL of sterile
water with the isolates, using an inoculating loop for bacteria and a sterile needle for fungi.
Following that, a sterile syringe was used to inject one milliliter (1 mL) of the prepared inoculum
into each fruit. The inoculated fruits were observed for the development of spoilage symptomes,
which allowed for the identification of the pathogenic effects of each isolate. Table 5

Table 5. Pathogenicity test procedures used to evaluate spoilage symptoms in banana fruits

Parameter

Method Used

Materials/Equipment

Quantity

Surface Disinfection

Disinfection with
ethanol

Cotton wool, 70% ethanol, sterile
container

1-2 cotton wool
pads, 10-20 mL
ethanol

Preparation of
Inoculum

Inoculating with
microbial isolates

Sterile water, inoculating loop
(bacteria), sterile needle (fungi)

9 mL sterile
water, 1
microbial isolate
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. Injection into fruits Sterile syringe (1 mL), inoculum 1 mL inoculum
Inoculation . . . .
using sterile syringe (prepared) per fruit
Observation Qbservation of None (visual %nspection, daily N/A
spoilage symptoms monitoring)

The Effects of Different Storage Conditions on the rate of ripening banana fruits

To investigate the pace of ripening, matured and unripe banana fruits were stored in various
circumstancesKMnO4 solution-moisturized polythene bags, moist sawdust, and a refrigerator at
4°C £ 1°C were used to store the fruits. Additionally, a storage cabinet was used to set up a control
setup at room temperature. By contrasting the peel's hue with standardized color charts that outline
the seven ripening stages, ripeness was visually evaluated. A number scale was used to rate the
ripening process: 1 for green, 2 for yellow traces, 3 for more green than yellow, 4 for more yellow
than green, 5 for full yellow, 6 for yellow with brown traces, and 7 for more brown than yellow.
This technique made it possible to clearly monitor the ripening process under various storage
settings. Table 6

Table 6. Storage conditions and methods used to assess ripening of banana fruits

Parameter

Method Used Materials/Equipment Quantity

Storage Conditions

Refrigerator (4°C £ 1°C),

polythene bags, KMnO4 4-6 unripe banana

Different storage environments

solution, sawdust, storage fruits
cabinet
) . Stored in refrigerator at 4°C = Refrigerator, unripe banana 1-2 unripe banana
Refrigeration . .
1°C fruits fruits
Stored in polythene b Polythene bags, KMnO4 .
Polythene Bag with o.re PO .y ene bag O. YHICH® 5ags i ] 1-2 unripe banana
moistened with KMnO4 solution (0.1% or as required), .
KMnO4 . . . fruits
solution unripe banana fruits

Moist Sawdust

1-2 unripe banana

Stored in moist sawdust Sawdust, unripe banana fruits

fruits
Stored at ambient temperature Storage cabinet, unripe banana 1-2 unripe banana
Control Setup . . . .
in a storage cabinet fruits fruits
Ripeness Visual comparison with color Standardized ripening color N/A
Assessment charts charts, numerical scoring system

Determination of Rate of Deterioration under Different Storage Conditions

To determine the rate of deterioration, developed and unripe banana fruits were stored in various
environments. KMnO4 solution-moisturized polythene bags, moist sawdust, and a refrigerator at
4°C + 1°C were used to store the fruits. Additionally, a storage cabinet was used to set up a control
setup at room temperature. A number scale was used to score the fruits' deterioration progression:
1 for green, 2 for yellow traces, 3 for more green than yellow, 4 for more yellow than green, 5 for
a whitish tip with full yellow color, 6 for yellow with brown traces, 7 for more brown than yellow,
and 8 for all brown flecks with soft flesh. This scoring system enabled clear tracking of the
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deterioration process under different storage conditions. Table 7

Table 7. Materials and procedures used to evaluate deterioration of banana fruits under
different storage conditions

Parameter Method Used Materials/Equipment Quantity
Refrigerator (4°C £ 1°C),
Storage Different storage polythene bags, KMnO4 4-6 unripe banana
Conditions environments solution, sawdust, storage fruits
cabinet
] ] Stored in refrigerator at 4°C | Refrigerator, unripe banana | 1-2 unripe banana
Refrigeration . .
+1°C fruits fruits
. Polythene bags, KMnO4
Stored in polythene bag oWt e.ne ags " .
Polythene Bag . . solution (0.1% or as 1-2 unripe banana
. moistened with KMnO4 . . .
with KMnO4 . required), unripe banana fruits
solution )
fruits
. . Sawdust, unripe b 1-2 unripe b
Moist Sawdust Stored in moist sawdust awaus unrlpe anana unrlpc.a anana
fruits fruits
Stored at ambient . . .
. Storage cabinet, unripe 1-2 unripe banana
Control Setup temperature in a storage . .
. banana fruits fruits
cabinet
. S N ical scale for ripeni
Deterioration Scoring of deterioration umerica S.CEI e. or rlPenmg
) and deterioration, visual N/A
Assessment based on visual changes . .
Inspection
3 Result

Mean Proximate Composition of M. sapientum and M. acuminata var dwarf

Cavendish

Table The proximate makeup of fresh M. sapientum and M. acuminata var. dwarf
Cavendish is displayed in 1. Fruits that were stored for five days showed a decrease in
percentage (%) carbohydrate contents (from 18.808 to 2.453) and lipid contents (from
3.478 to 2.853), while fresh fruits showed an increase in percentage (%) moisture contents
(from 74.567 to 84.424), protein contents (from 1.4661 to 1.552), crude fiber contents
(from 1.419 to 2.451), and ash contents (from 1.009 to 2.430).The percentage (%)
moisture contents (from 75.4921 to 81.985), protein contents (from 1.712 to 1.948), crude
fiber contents (from 1.702 to 2.884), and ash contents (from 1.935 to 1.968) of M.
acuminata var. dwarf Cavendish were higher than those of fresh fruits and fruits that were
stored for five days. In contrast, the percentage (%) carbohydrate contents (from 1.703 to
2.886) and lipid contents (from 3.292 to 2.875) decreased. Table 8

Table 8. Average proximate composition of Musa sapientum and Musa acuminata var. dwarf
Cavendish under fresh and stored conditions

M. sapientum

M. acuminata var dwarf cavendish
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Parameter Fresh Sst((l):zsgeosf Fresh 5 Days of Storage

% Moisture 74.567 84.424 75.4921 81.985

% Protein 1.4661 1.552 1.712 1.948

% Carbohydrate 18.808 2.453 1.703 2.886

% Crude fiber 1.419 2.451 1.702 2.884

% Lipid 3.478 2.853 3.292 2.875

% Ash 1.009 2.430 1.935 1.968

Microorganisms isolated and their s poilage symptoms
Table 2 demonstrates the bacteria that were separated from the banana fruits and the signs of
spoiling that go along with themAspergillus niger, a fungus that produced distinctive black
moldy spots, and Streptococcus pyogenes, a bacterium that produced brown rot symptoms,
and Alcaligenes faecalis, a bacterium that also produced brown rot symptoms, were the two
fungi that were isolated from M. sapientum.For M. acuminata var. dwarf Cavendish, the
fungus isolated was Rhizoctonia solani, which showed characteristic white moldy spots. The
bacteria isolated from these fruits included Streptococcus pyogenes, responsible for the brown
rot symptom, and Proteus vulgaris, which also caused a brown rot symptom.
Recent studies have shown that fungi like Aspergillus niger and Rhizoctonia solani are among
the primary culprits behind postharvest spoilage in tropical fruits, including bananas.
Streptococcus pyogenes and Proteus vulgaris have been increasingly identified as bacteria
contributing to fruit decay, with Streptococcus pyogenes particularly associated with soft rot
and tissue breakdown in various fruits. Additionally, Alcaligenes faecalis, known for its role
in environmental biodegradation, has been linked to the spoilage of fruits like bananas under
improper storage conditions, accelerating the deterioration process. Table 9

Table 9. Microorganisms isolated from banana fruits and their associated spoilage symptoms

M. sapientum M. acuminata var dwarf cavendish
Aspergilus niger (black moldy spot) Rhizoctonia solans (white moldy spot)
Streptopyrogenes (brown rot) Streptopyrogenes (brown rot)
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Alcaligenes faecalisn (brown rot Proteus vulgaris (brown rot)

Colour ratings of M sapientum stored under different storage conditions

Figure 1 shows the color ratings of Musa sapientum that have been kept for 30 days in various
settings. Polythene bags soaked with KMnOs solution, moist sawdust, and refrigeration (4°C +1)
are compared in the study with a control group that is kept at room temperature (28°C +2).

The control group ripened the quickest, taking just 14 days to reach the final color level (stage 7).
It took 18 days for fruits immersed in moist sawdust and those kept in polythene bags soaked with
KMnOs solution to reach stage 7. On the other hand, ripening was considerably slowed down by
refrigeration at 4°C =1, which prolonged the time to stage 7 by up to 28 days. Table 10

These findings align with previous studies indicating that low-temperature storage and ethylene-
absorbing agents like KMnOs help delay ripening by reducing ethylene exposure and respiration
rates. Refrigeration remains the most effective method for prolonging shelf life, while sawdust and
KMnO: offer moderate preservation benefits. Figure 5

Table 10. Colour rating scores of Musa sapientum stored under different storage conditions over

28 days
Days Control (Ambient, 28°C Refrigerator (4°C KMn.O‘. Moist Sawdust
+2) +1) Solution

01-Mar 1 1 1 1
04-Jun 2 1 2 1
07-Sep 4 2 3 1
10-Dec 6 3 5 1

13-14 7 (Final stage) 4 6 2

15-18 7 5 7 (Final stage) 4

19-20 7 6 7 5

21-25 7 7 (Final stage) 7 6

26-28 7 7 7 7 (Final stage)

Frontiers in Microbiology, Biotechnology & Crop Science (FMBC)
ISSN: 3139-2741 | Vol. 01 Issue 01, July-Dec 2025 | pp. 01-19

11



4 Frontiers in Microbiology, Biotechnology & Crop Science (FMBC)
s iieilon, it & e ISSN: 3139-2741 | Vol. 01 Issue 01, July-Dec 2025 | pp. 01-19

—=— Control
—&— Refrigerator
i

KMnQa Solution
Moist Sawdust

Treatment Stages
Y

0 5 10 15 20 25 30

Days

Figure 5. Colour ratings of Musa sapientum stored under different storage conditions over a 30-
day period

Colour ratings of M. acuminata var. dwarf Cavendish stored under different storage
conditions

Figure 2 shows the color ratings of Dwarf Cavendish bananas (Musa acuminata var.) kept in various
circumstances for 30 days. In contrast to a control group kept at room temperature (28°C £2), the
study assesses fruit ripening under refrigeration (4°C £1), polythene bags moistened with KMnOa
solution, and wet sawdust.

The control group ripened the fastest, reaching stage 7 within 12.5 days, indicating rapid
deterioration under normal room conditions. Fruits immersed in moist sawdust and those kept in
polythene bags soaked with KMnOs solution took an additional 15 days to reach the final stage of
ripening. In contrast, refrigeration at 4°C £1 significantly prolonged shelf life, taking 26 days before
reaching stage.

These findings align with research on banana ripening, confirming that low-temperature storage
effectively delays ripening by reducing enzymatic activity and ethylene production. KMnOs acts as
an ethylene absorbent, delaying ripening moderately, while sawdust provides a semi-controlled
ripening environment by regulating moisture. Table 11

Refrigeration remains the most effective preservation method, while KMnO. and sawdust offer
moderate benefits for post-harvest storage, making them viable for regions with limited cold storage
access. Figure 6

Table 11. Colour rating scores of Musa acuminata var. dwarf Cavendish stored under different
storage conditions over 30 days

Days Control (Ambient, 28°C Refrigerator (4°C KMn.O4 Moist Sawdust
+2) +1) Solution
01-Mar 1 1 1 1
04-May 2 1 2 1
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06-Jul 4 2 3 1
08-Sep 6 3 5 2
10-Dec 7 (Final stage) 4 6 3
13-15 7 5 7 (Final stage) 5
16-18 7 6 7 6
19-22 7 7 (Final stage) 7 7
23-26 7 7 7 7 (Final stage)
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Figure 6. Colour ratings of Musa acuminata var. dwarf Cavendish stored under different storage
conditions over a 30-day period

Deterioration of M. sapientum stored under different storage conditions

Figure 3 shows how Musa sapientum deteriorates after 30 days of storage under various
circumstances. Polythene bags soaked with KMnOas solution, moist sawdust, and refrigeration (4°C
+1) are the storage conditions examined; a control group is kept at room temperature (28°C £2).
The results indicate that bananas stored in KMnOs-treated polythene bags were the first to
deteriorate, reaching spoilage at 13 days. The control group (ambient storage) followed,
deteriorating at 17 days, while refrigerated fruits remained intact until 28 days before showing signs
of spoilage. Remarkably, fruits stored in moist sawdust exhibited no signs of deterioration
throughout the entire 30-day period.

These findings align with research indicating that high humidity in enclosed environments, such as
polythene bags, accelerates microbial growth and enzymatic degradation, leading to faster spoilage.
Refrigeration significantly slows microbial and enzymatic activity, thereby prolonging shelf life.
Moist sawdust, acting as a natural moisture regulator and ethylene absorber, preserved the fruit
best, potentially extending its shelf life beyond 30 days. Table 12

This study confirms that moist sawdust is an effective low-cost storage method, particularly in areas
with limited refrigeration access, offering an alternative for extending post-harvest shelf life in
commercial and subsistence farming contexts. Figure 7
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Table 12. Deterioration pattern of banana fruits under different storage conditions during a 30-day
storage period

Control (Ambient, 28°C Refrigeration (4°C KMnO
Days ( ’ & ( N Moist Sawdust
+2) 1) Solution
. . . . . ) No
01-Dec No Deterioration No Deterioration No Deterioration . )
Deterioration
. . ) . ) . No
13-16 No Deterioration No Deterioration Deterioration ) .
Deterioration
. . . . . ) No
17 -27 Deterioration No Deterioration Deterioration ) )
Deterioration
. . . . . ) No
28 - 30 Deterioration Deterioration Deterioration . .
Deterioration
1.0 f —=— Control

—&— Refrigerator
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Figure 7. Deterioration pattern of Musa sapientum under different storage conditions during 30
days of storage

Deterioration of M. acuminata var. dwarf Cavendish stored under different storage
conditions

Figure 4 shows how Musa acuminata var. Dwarf Cavendish deteriorates when kept in various
environments for 30 days. Polythene bags wet with KMnOa solution, moist sawdust, and
refrigeration at 4°C +1 were the evaluated storage conditions; a control group was kept at room
temperature (28°C £2). The results indicate that bananas stored in KMnOQOas-treated polythene bags
were the first to deteriorate, reaching spoilage at 13 days. The control group (ambient storage)
followed, deteriorating at 16 days, while refrigerated fruits remained intact until the final day (30
days) before showing signs of spoilage. NotablyOver the course of the 30-day storage period, fruits
kept in moist sawdust showed no evidence of degradation. These findings align with research
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indicating that KMnOs is effective at reducing ethylene exposure but may accelerate fruit softening
under high humidity, leading to early deterioration. Refrigeration significantly slows microbial and
enzymatic activity, thereby extending shelf life, while moist sawdust, acting as a natural ethylene
absorber and humidity stabilizer, preserved the fruit best. This study suggests that moist sawdust
could be a viable, cost-effective method for post-harvest storage, particularly in regions without
access to refrigeration, offering a promising alternative for extending fruit shelf life in both small-
scale and commercial banana storage. Figure 8

Table:12
Days Control (Ambient, 28°C £2) | Refrigeration (4°C £1) | KMnOs4 Solution | Moist Sawdust
01-Dec No Deterioration No Deterioration No Deterioration | No Deterioration
13-15 No Deterioration No Deterioration Deterioration No Deterioration
16 - 29 Deterioration No Deterioration Deterioration No Deterioration
30 Deterioration Deterioration Deterioration No Deterioration
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Figure 8. Deterioration pattern of Musa acuminata var. dwarf Cavendish under different
storage conditions during 30 days of storage

4. Discussion

The study identified Aspergillus niger and Rhizoctonia solani as the primary fungal agents
responsible for the spoilage of Musa sapientum and Musa acuminata var. dwarf Cavendish,
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respectively (Table 12). This aligns with previous research indicating that R. solani is
commonly found in both aboveground and underground banana parts. The ability of these
fungi to hydrolyze sugars in banana fruits suggests the presence of intracellular
hydrolyzing enzymes that facilitate fruit decay. Additionally, bacterial isolates, including
Streptococcus pyogenes, Proteus vulgaris, and Alcaligenes faecalis, were identified, which
may act as secondary pathogens contributing to further deterioration (Table 11). !

The increase in moisture content observed in stored banana fruits on the fifth day (Table
1) supports findings from earlier studies indicating that degenerative changes during
banana spoilage include increased wateriness and reduced acceptability. The decline in
carbohydrate and lipid content suggests microbial utilization of these nutrients for
metabolic activities, leading to overall deterioration of the fruit. Prior research has
demonstrated that microbial activity results in undesirable changes in fruit composition,
reducing both nutritional and market value. '2

Storage conditions significantly influenced the ripening process and shelf life of banana
fruits. Refrigeration at 4°C + 1°C effectively delayed ripening, as lower temperatures
reduced respiration rates and ethylene production (Figures 1 and 2). This finding is
consistent with prior studies reporting that refrigeration prolongs the ripening process by
slowing metabolic activities. Additionally, fruits embedded in moist sawdust exhibited the
longest shelf life, with no visible mold growth throughout the 30-day storage period
(Figures 3 and 4). This indicates that moist sawdust may serve as an effective low-cost
preservation method, especially in regions with limited access to refrigeration. 3

Banana fruits stored in polythene bags moistened with potassium permanganate (KMnO4)
solution exhibited moderate preservation benefits, with ripening delayed compared to the
control group. However, the high humidity within the polythene bags may have
contributed to accelerated microbial growth, leading to earlier spoilage. This highlights the
need for optimal humidity control when using ethylene-absorbing agents such as KMnO4.
14

Overall, the findings suggest that refrigeration remains the most effective method for
delaying banana ripening, while embedding fruits in moist sawdust provides a viable
alternative for extending shelf life. Future studies should explore the microbial interactions
responsible for banana deterioration in different storage environments, as well as
investigate potential biocontrol measures to minimize post-harvest losses. °

5. Conclusion

This Research identified microorganisms responsible for banana fruit spoilage, including
fungi (Aspergillus niger and Rhizoctonia solani) and bacterial strains (Streptococcus
pvogenes, Proteus vulgaris, and Alcaligenes faecalis). These microorganisms contribute
significantly to fruit deterioration, leading to visible spoilage symptoms such as mold
growth and brown rot, which impact both the nutritional value and commercial viability of
bananas.
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The research also demonstrated the effects of different storage conditions on ripening and
deterioration. Refrigeration at 4°C £+ 1°C was the most effective method for delaying
ripening and prolonging shelf life by reducing ethylene production and slowing metabolic
activities. Storing bananas in moist sawdust also proved to be an effective and low-cost
preservation method, significantly minimizing microbial growth. In contrast, bananas
stored in polythene bags moistened with potassium permanganate (KMnOs) experienced
moderate preservation benefits but deteriorated more quickly due to increased humidity.
Overall, understanding the microbial factors and environmental conditions that accelerate
banana spoilage is essential for improving post-harvest handling techniques. Implementing
effective storage strategies can reduce post-harvest losses, improve fruit quality, and
extend shelf life, benefiting both consumers and commercial producers. Future research
should focus on biocontrol methods and optimized storage solutions to further enhance
banana preservation and reduce spoilage-related economic losses.
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